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Factors Associated With Falls in Older Patients With
Diffuse Polyneuropathy
 




To identify clinical factors associated with




A cross-sectional study of 82 subjects aged 50














History and physical examination,
including semiquantitative methods of peripheral nerve
function, and clinical balance testing. Falls were defined




Forty (48.8%), 28 (34.1%), and 18 (22.0%)
subjects reported a history of at least one fall, multiple
falls, and injurious falls, respectively. Factors associated
with single and multiple falls were similar, so only results
for multiple and injurious falls are reported. Bivariate
analysis showed that an increased body mass index (BMI)
and more severe PN (as determined by the Michigan Dia-
betes Neuropathy Score) were associated with both fall
categories. Men reporting falls also demonstrated a de-
creased unipedal stance time. Age, sex, nerve conduction
study parameters, Romberg testing, medications, and co-
morbidities were not consistently associated with either
fall category. Logistic regression demonstrated that multi-
ple and injurious falls were associated with an increased
BMI and more severe PN, controlling for age, sex, medica-















Although previous work has demon-
strated that all older persons with PN are at increased risk
for falls, patients with increased BMI and more severe PN
are at particularly high risk and should be targeted for in-
tervention. 
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lthough only recently recognized, the relationship be-
tween a diffuse polyneuropathy (PN) and falls is
likely neither a new nor a modern phenomenon. Rate of
fracture in a medieval British leprosy hospital skeletal
sample was found to be about four times that in a control
medieval skeletal sample. This finding led the authors to
conclude that persons with leprosy, a common cause of
PN in the medieval population studied, sustained more





 Studies of living subjects have demonstrated that
patients with PN, which reduces sensation and often
strength in the lower extremities in a distal to proximal













Furthermore, it appears that the prevalence of diabe-
tes mellitus, and therefore PN, in older persons is increas-
ing. Epidemiological studies suggest that diabetes mellitus
and impaired glucose tolerance affect more than 40% of




 Other work suggests that the
prevalence of PN in this age group is between 32% and
50% for persons with diabetes mellitus, 11% for persons





 Taken together, these data suggest that
the prevalence of PN in those aged 60 to 74 is approxi-
mately 22% and likely to increase.
Given the magnitude of the clinical problem of falls
among older persons and the increasing prevalence of PN,
an improved understanding of which patients with PN are
at greatest risk for falls would be welcome. Although it is
clear that older persons with PN are at increased risk for
falls, not all older persons with PN fall. The purpose of this
study was to analyze a group of older adults, all with PN,
and compare clinical features associated with subjects who
reported falls with features of those who did not. The ini-
tial hypotheses were that increased age, increased severity
of PN, and decreased unipedal stance time (UPS) would be
associated with any fall, multiple falls, and injurious falls.
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The PN subjects were examined as part of a screening pro-
cess for other studies that investigated the effects of PN on
postural stability in older persons. Their primary physi-
cians had referred most of the PN subjects to the electrodi-
agnostic laboratory for symptoms suggestive of a lower
extremity peripheral neurologic disorder. A smaller num-
ber of the PN subjects responded to local advertisements
requesting subjects with neuropathic symptoms and then
underwent electrodiagnostic testing. All subjects under-
went electrodiagnostic testing in the same laboratory, us-
ing the same techniques, by technicians certified by the
American Association of Electrodiagnostic Technologists
with the supervision of a physician board-certified by the
American Association of Electrodiagnostic Medicine.
Inclusion criteria were age between 50 and 85, symp-
toms consistent with PN, ability to speak and understand
English, ability to ambulate household distances without
an assistive device, corrected vision not worse than 20/50,
physical examination consistent with PN (absent or de-
creased Achilles reflexes, decreased distal lower extremity
sensation (vibration, pinprick, and light touch) that im-
proved proximally), and electrodiagnostic evidence of a


















5.0 ms) stimulating 14 cm proximally from the
recording site posterior to the lateral malleolus.
 
Peroneal and/or tibial motor responses
 
—absent or de-














stimulating 9 and 8 cm proximally from recording
sites over the extensor digitorum brevis and abduc-
tor hallicus muscles, respectively).
If bilateral sural responses were absent, motor re-
sponses were not always performed. If the sural responses
were present but reduced in amplitude, motor responses
were required and must also have been of reduced ampli-
tude. Needle examination was normal or demonstrated
findings consistent with PN.
Exclusion criteria were evidence on physical examina-
tion of central neurological dysfunction (e.g., hemiparesis,
cerebellar dysfunction, Parkinson’s disease); musculoskele-
tal abnormality, such as severe scoliosis or amputation; or
electrodiagnostic evidence of a lower extremity abnormal-
ity other than PN, such as a myopathic process or radicul-
opathy.
 
History and Physical Examination
 
Each subject’s age, height, weight, sex, and medications
were recorded. Past medical history, with particular atten-
tion paid to neuromuscular and musculoskeletal condi-




 was recorded as well.
Medications considered to be associated with falls included
antihypertensives, phenothiazines, benzodiazepines, tricy-




 A history of
falls over the previous 2 years was obtained, with a fall be-
ing defined as an unintentional change in body posture
that resulted in the subject coming to rest on the ground or
other lower level that was not a consequence of a physical
blow or loss of consciousness. Falls associated with pre-
syncopal or syncopal symptoms were not included. In the
majority of the subjects, a spouse or family member was
available to confirm the history. An injurious fall was de-
fined as a fall that caused the subject to seek and receive
medical treatment. If the subject sought medical evalua-
tion, but no significant treatment beyond an analgesic for
bruising was given, the fall was not considered injurious.




 82) underwent a physical ex-
amination that included muscle stretch reflexes, plantar re-
sponses, finger-to-nose and heel-to-shin maneuvers, rapid
alternating movements of the hands and feet, pronator
drift, assessment of rigidity or spasticity by passive range
of motion, Romberg testing, evaluation of ankle dorsiflex-
ion strength, and semiquantified vibratory and position
sense testing. In addition, the majority of the subjects un-
derwent unipedal stance testing, clinical evaluation of an-




 71) and evaluation with the





The specifics of the examinations include:
1. Patellar and Achilles muscle stretch reflexes. Efforts
to obtain the Achilles reflex included striking the
tendon itself and the plantar strike technique. The





 The reflex was considered present if it
could be obtained with or without facilitation.
2. Vibratory sensation. Vibratory sensation was ob-
tained in a semiquantitative manner proximal to the
great toe nailbed and at the medial malleolus. The
number of seconds between the striking of the tun-
ing fork and the subject reporting that the vibrations
had ceased was recorded.
3. Position sense. The examiner grasped the dominant
great toe on the medial and lateral surfaces with the
thumb and forefinger. With the subject’s eyes closed,
a series of 10 small amplitude movements, over a
distance of approximately 1 centimeter and a time of
about 1 second, were randomly and smoothly ad-
ministered at irregular intervals. A correct response
occurred when the subject perceived the movement
and was able identify its direction.
4. Romberg testing. Subjects stood with the feet close
together but not touching. The ability to stand with-
out opening the eyes or shifting stance for 30 sec-
onds was considered a negative or normal test.





underwent this testing (and evaluation with the
MDNS, below) were similar to the rest of the sub-
jects but were more-recent participants in balance
studies. The subject stood with weight evenly dis-
tributed on both feet, which were shoulder width
apart, with arms held comfortably at the side. Sub-
jects balanced on the foot of their choice for three
separate trials to a maximum of 30 seconds. Failure
occurred when the stance foot shifted in any way or
the nonstance foot touched the ground.
6. The MDNS. The MDNS is a 0- to 46-point scale
(higher score reflecting more severe PN) that corre-





 The scale includes muscle stretch reflexes at
 






the biceps, triceps, patella, and Achilles; pinprick
sensation at the great toe; ability to perceive the
touch of a 10-g monofilament; ability to perceive a
128-Hz tuning fork at the great toe; strength of
hand dorsal interossei; and great toe extension and







SPSS software was used for all analyses (SPSS Inc., Chi-
cago, IL). Group comparisons included the following.
Subjects with one or more falls were compared with those
with no falls; subjects with multiple falls were compared
with those with none or one fall; and subjects with injuries
from falls were compared with subjects without injuries.
Descriptive statistics were generated for each of the groups.
Group differences in continuous and dichotomous vari-




 tests and chi-square analyses,
respectively. Logistic regression was performed using the
presence of multiple falls or injurious falls as outcomes
and demographic, historical, physical examination, and




Eighty-two subjects were included in the analysis; 52



























 1.3 medications associated with falls. Forty subjects
(48.8%) reported a history of at least one fall, 28 (34.1%)
reported a history of more than one fall, and 18 (22.0%)
reported a history of an injurious fall in the previous 2
years. There was overlap between the multiple and injuri-
ous falls groups, with 13 of the 28 subjects with multiple
falls reporting injuries and 15 of the 18 subjects who were
injured also reporting multiple falls. Trips and stumbles,
often under low light conditions, were the most frequent
type of fall (71%). Turning, leaning over to pick up an ob-
ject, and falls on steps were other causes of falls.
Factors associated with single and multiple falls were
similar, so only results for multiple and injurious falls are
reported. Subjects reporting multiple falls had significantly
greater BMIs and MDNS scores than subjects reporting
none or one fall (Table 1). In addition, subjects with multi-
ple falls demonstrated a trend toward a lower peroneal
motor amplitude than subjects with none or one fall. Sub-
jects reporting injurious falls also demonstrated higher BMI
and MDNS scores than those not reporting injurious falls.
Subjects with injuries from falls also demonstrated de-
creased ankle vibratory sense and reported increased con-
sumption of medications associated with falls (Table 1).
Age was not associated with multiple or injurious falls.
Subjects with abnormal, compared with normal, dor-
siflexion strength were more likely to report multiple and

















 .008, respectively). However, multiple or in-

















.757, respectively) or the presence of diabetes mellitus

















.248, respectively). Subjects with abnormal Romberg tests
were not more likely than subjects with normal Romberg

















When women were analyzed separately (Table 2),
increased BMI remained associated with multiple and inju-
rious falls, but increased MDNS or abnormal dorsiflexion
strength were not associated with either fall outcome. Al-
though men reporting falls demonstrated increased BMI,
the difference was not significant. However, increased
MDNS and abnormal dorsiflexion strength were associ-
ated with both fall outcomes (Table 3). In addition, men,
but not women, who reported multiple and injurious falls
demonstrated a decreased UPS than men who had not
fallen.
Logistic regression analysis revealed that BMI and
MDNS were significant predictors of both fall categories
while controlling for age, sex, and number of comorbidi-
ties and medications associated with falls (Tables 4 and 5).
There was a trend toward medications associated with
falls being a predictor of both fall categories. The models
predicted 46% and 48% of the variability in fall category
for multiple and injurious falls, respectively. The addition













 values were significantly decreased if dorsiflexion
strength was substituted for the MDNS (to 29% and 36%




The major results of this study suggest two novel conclu-
sions regarding fall risk in older persons with PN; fall risk
is increased in those with more severe PN, and fall risk is
increased in those with a higher BMI. These two factors
were significantly associated with multiple and injurious
falls after controlling for age, sex, medications, and co-
morbidities associated with falls. Nevertheless, when the
sexes were analyzed separately, the positive association be-
tween BMI and fall risk was seen in women but not men,
whereas the positive association between neuropathy se-
verity and fall risk was identified in men but not women.
There were trends toward medications associated with
falls predicting both fall outcomes, but neither age nor
number of comorbidities was associated with either fall
outcome in the age group analyzed.
Although the author is unaware of other work that has
found that severity of PN is associated with fall risk, the
finding is intuitively appealing and is supported by studies
that have identified impairments in lower extremity func-
tion that are proportionate to PN severity. For example,
Simoneau et al. found that severity of sensory impairment
in subjects with diabetic PN was strongly associated with





 and significant correlations between parameters of
posturography and peripheral nerve conduction studies





but not women, distal lower extremity vibrotactile thresh-
olds were found to be the most important variable associ-
ated with balance in a large cohort of older persons who





 Correlations have been identified between PN se-
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impairments noted in these studies suggest that patients
with more severe PN would be at greater fall risk, one of
the major findings of the present study. It is notable that
falls were associated with increased severity of PN as mea-
sured by the MDNS, as opposed to other isolated mea-
sures of PN severity such as vibratory sensation, position
sense, or nerve conduction amplitudes. This is likely be-
cause the MDNS, unlike the other measures mentioned,
allows an evaluation of afferent and efferent peripheral
nerve function, suggesting that both are important to pos-
tural stability. The importance of both sensory and motor
peripheral nerve function is also supported by the fact that
abnormal ankle dorsiflexion strength was associated with
falls in univariate analysis but not with logistic regression
when MDNS was included, and, when ankle dorsiflexion
strength was substituted for MDNS, the models yielded







The positive association between fall risk and in-
creased BMI may be explained biomechanically. Success-
ful standing and ambulation are based on the patient con-
trolling the center of mass and maintaining it over (during
standing) or just anterior and medial to (during walking) a




 This requires precise feed-
back from the visual, vestibular, and somatosensory affer-
ent systems. However, previous work has demonstrated that
subjects with PN have impairments in proprioceptive









 As a result, a patient with PN would be expected
to make errors that allow the center of mass to migrate
outside the functional base of support. Obese persons may
be even more inclined to make errors, particularly in the





more, for a given magnitude of error, the obese patient’s
center of mass would have increased momentum, which
would be more difficult to arrest and control than the mo-
mentum generated by a similar error in a thin person with
PN, particularly given the known impairments in ankle
strength and rate of strength development in subjects with
 































































































































































 3.8 .850 2.0 
 
 2.3 2.9  3.9 .377
Vibration ankle (seconds) 5.9  4.5 7.9  5.7 .109 4.9  4.1 7.9  5.5 .034
Position sense toe (of 10) 4.4  3.5 5.4  3.0 .209 5.3  3.4 5.0  3.2 .757
Unipedal stance, maximum (seconds) 7.0  7.7 9.0  8.4 .322 6.9  8.0 8.6  8.2 .442
Unipedal stance, mean (seconds) 4.1  4.5 6.7  7.3 .117 4.0  4.6 6.3  7.0 .205
Michigan Diabetes Neuropathy score 20.2  8.9 15.8  4.4 .010 21.6  8.0 15.4  4.8 .001
Medications 1.9  1.5 1.5  1.2 .325 2.3  1.7 1.5  1.1 .026
Comorbidities 1.2  0.9 1.3  1.1 .622 1.6  1.3 1.2  0.9 .179
*t test.
Table 2. Characteristics of Women (n  30) by Fall Outcome
Parameter








n  23 P-value*
Age, mean  SD 62.5  7.4 66.3  9.0 .223 59.9  6.7 66.3  8.6 .081
Body mass index, mean  SD 37.4  8.9 30.7  5.6 .018 39.8  6.5 31.7  7.4 .015
Mean unipedal stance (seconds), mean  SD 4.6  5.5 4.5  3.0 .606 4.7  6.3 4.0  2.9 .730
Michigan Diabetes Neuropathy score, mean  SD 14.8  6.7 15.1  4.9 .882 16.5  5.8 14.6  5.6 .471
Dorsiflexion strength (% abnormal) 46.2 37.5 .638 62.5 35.0 .184
*t test.
SD  standard deviation.
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PN.18,23 Other work that has found obesity-associated im-
pairments in standing24 and dynamic balance support this
rationale.25 The stronger association between increased
BMI and falls in women may relate to sex-based differ-
ences in typical fat distribution patterns, with men gather-
ing fat in a less-destabilizing mid-line location and women
in relatively more-destabilizing and lateral hip and thigh
locations.
The association between obesity and injurious falls in
this study was contrary to the findings of others that iden-
tified an association between decreased BMI and risk for
fall injury,26–28 particularly fracture, which has been attrib-
uted to decreased bone density and decreased mechanical
protection of bones in older persons with a lower BMI.
However, the data reported here suggest that, at least in
women with PN, the biomechanical disadvantages that
predispose obese patients with PN to fall overwhelm what-
ever advantage such patients may have in terms of de-
creased risk for injury upon impact. This disadvantage
may extend to young women as well, given that a large
community study demonstrated an increased risk of injuri-
ous falls in women younger than 45 with a BMI of 30 or
greater.29
Most other work that has investigated PN and pos-
tural stability has involved diabetic PN exclusively. In this
study, 32 (39.0%) of the subjects did not have diabetes
mellitus. In this group, any fall, multiple falls, and injuri-
ous falls were reported with a frequency that was not dif-
ferent in the subjects with diabetes mellitus. In addition,
other work has demonstrated that mobility impairments
and decreased isokinetic muscle strength in the lower ex-
tremities of patients with diabetes mellitus is associated
with PN but not simply with the presence of diabetes mel-
litus or other complications such as nephropathy or retin-
opathy.17,30 These findings suggest that PN, rather than the
simple presence of diabetes mellitus, leads to impairment
in balance and increased fall risk in older persons.
It would be clinically convenient if one of the tests of
clinical balance could reliably detect patients with PN who
are at risk for falls. Unfortunately, such was not the case.
The data suggest that mean UPS time is decreased in men
reporting falls, but the variability of the data prevented the
identification of a clear cutoff value that might be helpful
to clinicians, and the relationship was not present in the
women, who bear the greatest burden from falls. How-
ever, UPS time may deserve further study as an indicator
of fall risk in patients with PN, at least with regard to
men, given that other work has found a decreased UPS
time to be associated with falls in men in a large cohort of
community-dwelling older persons.31 Romberg testing was
not associated with any of the fall outcomes and does not
appear useful in detecting patients with PN who are at in-
creased risk for falls. A clinical test focused more on me-
dial-lateral stability, such as tandem or near-tandem bal-
ance, may be more effective than the tests used in this
study.32 In addition, the balance tasks used were relatively
Table 3. Characteristics of Men (n  52) by Fall Outcome









n  41 P-value*
Age, mean  SD 66.2  10.9 66.3  9.1 .981 66.4  11.4 66.2  9.1 .965
Body mass index, mean  SD 30.3  7.7 28.6  4.7 .343 30.5  7.4 28.7  5.2 .364
Mean unipedal stance (seconds), mean  SD 3.7  3.3 7.8  8.6 .025 3.5  3.3 7.7  8.3 .025
Michigan Diabetes Neuropathy score, mean  SD 25.7  7.5 16.1  4.2 .001 24.6  7.9 16.1  4.3 .001
Dorsiflexion strength (% abnormal) 66.7 16.1 .001 60.0 21.2 .019
*t test.
SD  standard deviation.
Table 4. Results of Logistic Regression for the Presence of Multiple Falls
Predictor Variable Coefficient P-value OR (95% CI)
Age 0.026 .54 0.97 (0.90–1.06)
Sex 0.767 .354 0.46 (0.092–2.35)
Body mass index 0.137 .026 1.15 (1.02–1.29)
Michigan Diabetes Neuropathy score 0.174 .0058 1.19 (1.05–1.35)
Comorbidities 0.052 .89 0.95 (0.46–1.95)
Medications 0.545 .098 1.72 (0.90–3.29)
Note: R2  0.458.
CI  confidence interval; OR  odds ratio.
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static and likely do not reflect patient performance under
more-dynamic conditions of locomotion, an important
limitation given the specificity of balance skills33 and the
fact that most of the patients in this study fell during am-
bulation.
The strength of the conclusions of this study must be
tempered by the study’s limitations. The subjects were all
aware that they had some neurological symptom involving
the lower extremities, although not necessarily PN, be-
cause their physicians referred most of them to the elec-
trodiagnostic laboratory for evaluation. This could bias
the population studied. They may have had more-severe or
more-symptomatic disease or may have been more health
conscious and willing to see a physician; therefore, it is not
possible to extend the findings to persons with asymptom-
atic PN. Recall bias is likely, and the retrospective record-
ing of falls may have underestimated the actual preva-
lence. However, this seems less likely for falls that cause
injury, given the emotional effect of such events, and it is
therefore reassuring that the findings in this study are sim-
ilar with regard to all three outcomes: at least one fall,
multiple falls, and injurious falls. Furthermore, the overall
incidence of falls in this known high-risk group of commu-
nity dwellers was about 50%, which is, appropriately,
greater than the incidence reported in other studies of
older persons in the community not known to be at in-
creased risk for falls.34,35
The results have clinical ramifications. In patients with
PN, those who are obese and have more-severe disease ap-
pear at the greatest risk for falls and injurious falls. The se-
verity of PN seems to apply particularly to men, whereas
the degree of obesity appears to affect women more strongly.
Age was not associated with falls in this group aged 50 to
85 when other factors were taken into account. Therefore,
application of techniques to reduce fall risk36,37 should be
applied to patients with PN—even if they are relatively
young—with special attention to obese women and men
with more-severe PN. Although the data do not allow com-
ment on the effect of weight loss on postural stability in
patients with PN, a recommendation to lose weight would
be clinically prudent given the other associated benefits.
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